Due to the high value of land in Brazil, it is necessary to conduct studies about the economic feasibility of the choice of production strategy. The soil expectation value determines the maximum purchase price of the bare land, considering the horizon of infinite time. Therefore, this methodology was used to assess the financial-economic feasibility of sheep production systems in pasture with either creep feeding or creep grazing termination of unweaned lambs. Six scenarios were proposed to evaluate the economic feasibility, according to the finishing strategy, the dry matter (DM) offer per kg of body weight (BW) per day (12% or 8%) and the corresponding percentage of white clover supplementary pasture area (30% to 50% -relative to the main pasture area). The soil expectation value was positive in all of the evaluated systems Creep grazing finishing system with 8% DM offer per kg BW and with 30% of reduction on the white glover area resulted in the largest financial return (R$ 289,043.71) and the highest internal return rate (1.74%). The most economically attractive scenario, however, was the creep feeding finishing system with 8% DM offer per kg of BW, which allowed expenses with the land as high as R$ 22,950.68 per hectare. Adjustments in the main pasture offer, which do not compromise animal performance, can enable economic improvement on the feasibility of grazing sheep production systems. The soil expectation value can be used as an economic indicator in the choice of location or expansion of grazing sheep farms.
Introduction
Allied to the vast area of pastures, new strategies for grazing sheep production have been tested and improved every year in order to achieve higher productivity and profitability. Among these strategies, what stands out is the management at finishing stage using dietary supplements exclusively for the lambs. The exclusive and differentiated feeding of offspring can improve body weight gain and reduce days to slaughter, taking advantage of better feed efficiency and resulting in higher quality meat (QUADROS, 2005) .
In this context, two main systems have been used: those using concentrate feed (creep feeding) and those using forage with high nutritive quality (creep grazing). Supplying concentrate feed based on grains has been a successful practice, once it is composed of ingredients with high contents of proteins and / or carbohydrates. However, expenditures with concentrate may increase production costs and reduce profitability. On the other hand, studies of creep grazing strategy in Brazil are scarce (HENTZ et al., 2012; PIAZETTA et al., 2009; RIBEIRO et al., 2013; SILVA et al., 2012; STIVARI et al., 2011) and their economic feasibility have not been widely studied (STIVARI et al., 2013) . Silva (2010) reported no difference regarding the average daily gain when comparing both supplementation systems. However, due to the need of extra land space for creep grazing and the high land cost in Brazil, economic feasibility studies concerning this technique may help producers determine implementation likelihood of this technique at their farm.
A method used in the forestry industry to analyze the feasibility of the project is the soil expectation value (SEV), or land expectation value, or the "Faustmann Model", which was developed to determine the maximum purchase price of the bare land, considering the horizon of infinite time (GAFFNEY, 1960) . This method consists of the determination of the updated value of net perpetual income, land cost excluded. It is based on the net present value (NPV) of a bare land area to be used for production given an infinite series of rotations/cycles or, in other words, the maximum land purchase price so that the activity is feasible (BUONGIORNO; GILLESS, 1987; SANTOS; PAIVA, 2002; SILVA; FONTES, 2005) .
The objective of this study was to analyze the feasibility of grazing sheep production systems under two dietary strategies of supplementation (creep feeding and creep grazing) for finishing lambs by using the SEV method.
Material and Methods
This research was developed using data obtained from an experiment carried out between September and December of 2007 at Canguiri Experimental Farm, Federal University of Paraná State (UFPR), which used the Suffolk sheep flock from the Laboratory of Research and Production of Sheep and Goat (LAPOC) in Pinhais, Paraná, Brazil (latitude 25º25' South, longitude 49°8' W and elevation 915 m above sea level). The climate is Cfb, Köppen classification, which corresponds to the humid subtropical climate (mesothermal). The systems studied featured the use of annual ryegrass (Lolium multiflorum Lam) oversown with Tifton-85 (Cynodon sp.) as the main pasture, and the use of two lamb supplementation strategies: (1) ad libitum creep grazing of white clover (Trifolium repens) and (2) creep feeding with concentrate feed at 2% of body weight (BW) per day. Ribeiro (2010) evaluated the performance and carcass characteristics of lambs. From this study, we used data of initial body weight (IBW) and final body weight (FBW), average daily gain (ADG), slaughter age, carcass yield and average carcass weight. We also used pasture production data from Silva (2010) that obtained them in the same experiment (Table 1) . From these technical coefficients the economic and financial analysis of such systems was developed, extrapolating them to a representative commercial farm. Long-and short-term approaches were included. Long-term (LT) analysis consisted of projecting a monthly cash flow to a ten-year horizon, to a total of 120 months, from which the economic indicators, NPV and internal rate of return were calculated.
In order to outline the commercial farm, a fixed number of 300 ewes was adopted, the excess ewes being considered as animals for sale. The average production coefficients adopted were obtained from LAPOC records of 2007: 88% of fertility rate; 140% of birth rate; 1.6 of prolificacy; 4% of mortality among adult animals; 9% of neonatal mortality; 13% of annual disposal of ewes and disposal of one ram and one ruffian per year.
These coefficients were applied in both systems. Furthermore, it was considered that there was no lamb mortality during finishing period. This premise was based on the results of Ribeiro (2010) and Silva (2010) .
The animals were maintained in pasture during the whole year, with an offer of 12% of BW per day as natural matter of forage. During the reproductive period, flushing strategy was used, 15 days before mating, with 300 g of concentrate (16% of crude protein -CP -and 74% of total digestible nutrients -TDN -in dry matter -DM) per animal per day. During the 15 days before and after parturition, pregnant females were offered the same concentrate feed (800 g daily per animal), added with forage (2,4 kg of corn silage per animal per day). In system 1 (creep grazing), the white clover supplement showed 24.1% of CP and 75.4% of TDN in the DM. In system 2 (creep feeding), the concentrate feeding was composed of: soybean meal (40%), corn bran (40%), wheat bran (15%), mineral supplement (2%), limestone (2.5%) and common salt (0.5%); adding up to 24.7% CP and 89.2% TDN in DM. Previous studies showed that there were no statistical differences (p < 0.05) between both finishing systems for daily weight gain. All prices used for calculations were the averages during the year of 2011, obtained from the SEAB-PR database (PARANÁ, 2011) of prices paid to the farmer. Occasional missing price data was obtained through local survey of the suppliers in Curitiba region. All the prices were deflated to August, 2011, by the National Index of Prices Paid to the Consumer (INPC) (INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA, 2011). Acquisition cost of corn silage ready for consumption was R$ 0.43/kg. Expenses with pasture establishment and management were calculated according to the model proposed by AgraFNP (ANUALPEC, 2010) . In order to calculate fixed cost, a farm inventory was made of the necessary land, equipment and facilities for the systems and prices of each new item and its useful life. The area required to maintain the flock and forage offer was stipulated, based on the pasture production data of 2007 for each system ( The creep grazing group maintained the proportion used by Silva (2010) of 2:1 (main pasture/ creep grazing), adding up to 9 hectares of pasture, divided into attached paddocks and the ewe's main paddocks. Twenty percent of the total area was considered legal reserve, 5% of the total area as permanent reserve and 0.03 hectares occupied with land improvement.
In order to compute expenses with maintenance and repairs, we considered 2% of each farm asset's cost per year, except for the fences, to which was attributed a 15% annual rate, and machinery and equipment, with a rate of 10% of each asset's purchase price per year. Depreciation was obtained through the Linear Method (HOFFMANN et al., 1981) , in which it is equal to the cost of the asset reduced by the salvage or residual value, divided by the estimated useful life. The salvage value was 10% of the asset's cost to machinery and 20% to land improvement, except for the fences, for which the salvage value was considered zero. The useful lifespan was 30 years for the sheepfold and storehouse, 15 years for fences, water fountains, feeders, salt troughs, refrigerator and feed mixer, and five years for the mower and scales. These estimations were obtained from historic experience in LAPOC.
Medication costs were estimated based on LAPOC consumption. Vaccinations and their reinforcements were also accounted for, and expenses with antiparasiticides were estimated based on what was used in the experiment itself. The contributions of the costs of health management were not a concern at this study, due to its low contribution to the total cost (7.91% and 8.31% for creep grazing and creep feeding, respectively) and its slight difference among them (3%).
Monthly cost of technical assistance was 60% of the Paraná state minimum wage (R$ 708.14). The workforce consisted of one employee paid the regional minimum wage plus employment charges equivalent to 45.59% of the full amount (COMPANHIA NACIONAL DE ABASTECIMENTO, 2010). The tax deductions considered over the total income were: INSS (Social Security) at a 2.3% rate over income and 1% over fees. ITR (land value tax) was not computed due to the fact that the farm's area is less than 30 hectares, being thus exempted from the charge (BRASIL, 2005) . General expenses corresponded to 1% of the variable cost, except for technical assistance, taxes and fees. (SISTEMA FAEP, 2005) .
For estimating invested capital we considered the total amount invested in land, improvements, machinery, equipment and livestock from the inventory. The market interest rate of 0.5% per month (reference value historically used by Savings Account) was used to establish the opportunity cost of the immobilized capital. The opportunity cost of the working capital was the nominal rate of interest used by the Caixa Econômica Federal bank in loan funds (1.89% per month) over the direct production expenses. The selling prices were those verified in the region in August, 2010, as follows: R$ 5.46 per kilogram of live finished lamb; R$ 3.80 per kilogram of disposed animals (sheep and ruffians); R$ 400.00 per one-year-old male; R$ 300.00 per seven-monthold female and R$ 1,388.00 per adult ram.
Once all the production cost items were calculated, they were organized by the method proposed by Companhia Nacional de Abastecimento (2010) in: variable cost (VC), fixed cost (FC), operating cost (OC), total production cost (TC). VC was considered as the sum of all direct production expenses; FC as the depreciation and permanent labor; OC = VC + FC and; TC = OC + opportunity cost of the immobilized capital. Also: the gross margin (GM) was the total income (TI) minus VC; the net margin (NM) = TI -OC and; the economic result (ER) = TI -TC. Return on assets (RA) was calculated dividing the economic result (ER) by the total investment minus working capital (BARATA, 2003) .
Cash flow was stipulated for a 10-year period (120 months). In month 120, the income was added with the residual value of all the liquid assets. The financial feasibility of the systems was assessed through profitability indicators calculated on free cash flow (FCF): soil expected value (SEV) and internal rate of return (IRR). The calculation method for IRR was based in Noronha (1987) , as follows:
Where: t = month (0,1,2,3,…,n) L = net cash flow according to the corresponding month r* = internal rate of return, which makes the sum of the monthly balances of the cash flow, brought to the present value, equal to zero.
The SEV was obtained through the formula:
SEV = (3) R(1 + i) t
(1 + i) t -1 SEV = soil expected value R = updated perpetual net income i = discount rate t = time length of cycle/rotation The simulation of scenarios was carried out as proposed by Gitman (1997) and makes it possible to verify how the best production systems are affected by variation of one or more variables in the result of the investment analysis. In this context, six scenarios were proposed, according to the finishing strategy, the dry matter offer per kg of BW per day from12% to 8% and the corresponding percentage of white clover supplementary pasture area (relative to the main pasture area) from 30% to 50%. For better understanding, the scenarios were organized as such: 1) creep feeding finishing system and 12% dry matter offer per kg of BW per day; 2) creep grazing finishing system, 12% dry matter offer per kg of BW per day and supplementary pasture area with 50% of the dimension of the main pasture; 3) creep grazing finishing system; 12% dry matter offer per kg of BW per day and supplementary pasture area with 30% of the dimension of the main pasture; 4) creep feeding finishing system and 8% dry matter offer per kg of BW per day; 5) creep grazing finishing system, 8% dry matter offer per kg of BW per day and supplementary pasture area with 50% of the dimension of the main pasture; 6) creep grazing finishing system; 8% dry matter offer per kg of BW per day and supplementary pasture area with 30% of the dimension of the main pasture. All economic-financial results ascertained were compared through descriptive analysis.
Results and Discussion
When analyzing VC, the expenditures related to the items that vary according to the produced amount (number of lambs), we observed that the cost of feeding, when compared to pasture management cost, encumbered the creep feeding system by R$ 6,298.75 more than the creep grazing system (Table  2) . This result is similar to that described by Emmick (1991) that concluded that, from the livestock feeding perspective, pasture is the cheapest of all types of feed to produce and use. Nevertheless, production cost analysis should not take only variable costs into account. It is also necessary to add the costs that do not vary according to the produced amount, represented by the fixed costs. Among them, the cost with depreciation of land improvement (fences, troughs etc.), machinery and others stands out. Depreciation cost can be a strategy that helps farmers to retrieve the capital asset, replacing it when it becomes economically obsolete and / or presents problems for using them. Total operating cost of the creep feeding system was R$ 1,720.00 (or R$ 5.73 per ewe), cheaper than the total operating cost of the creep grazing system. This was because it had approximately nine hectares less than in the creep grazing system, thus resulting in lower expenses for fences, for example.
When analyzing the TC, creep grazing system had the highest production cost, mainly due to the opportunity cost (R$ 42,777.52). However, this sum of the opportunity cost must not be understood as an actual outlay; it is rather an implicit income, in which all the factors of production (land, labor and capital) are being remunerated. When all these components are included, even with zero profit, there are no reasons for the farmer to abandon the activity, since he is being paid for the use of his own factors of production.
When evaluating the short-term financial and economic results (i. e. one production cycle) of the proposed scenarios, it was possible to verify that the economic result (TI -TC) and the return on assets were superior for scenario 4 (creep feeding finishing system and 8% dry matter offer per kg of BW per day) ( Table 3) .
Regarding the white clover area, the reduction from 50% to 30% brought little impact on the net margin per hectare, regardless of the dry matter offer. Nevertheless, when comparing the alterations in dry matter offer, there was a significant increase on this indicator when the offer was reduced from 12% to 8%, Gross margin (R$) 77, 217.33 78, 136.14 80, 344.71 84, 654.38 87, 781.77 89, 254.15 Net margin (R$) 58, 209.20 56, 775.27 59, 797.98 66, 829.78 68, 418.56 70, 433 (CAYLEY et al., 1999, SCOTT; CACHO, 2000; TRAPNELL et al., 2006) , which allows animal performance to be at a desirable level and stocking and forage offer rates to be adequate and financially attractive.
In the long-term analysis (Table 4) , SEV was positive in all the systems, marking the feasibility of these projects. In other words, at a 0.5% discount rate, the sum of incomes in a 10-year period was superior to the investment in the activity. Creep grazing lamb termination with an 8% DM offer per kg BW, with reduction to 30% of the main pasture (scenario 6) obtained the largest financial return among the scenarios proposed and the highest IRR (1.74%). IRR must be equal to or above market interest rate (the reference in this project being the Savings Account); this positive rate indicates that the capital invested in the activity was recovered and the balance available each year yielded interest equal to the IRR (GUIMARÃES; CAZIANI, 2004). The SEV/ha values refer to the maximum price that can be paid for the land. That said, the creep feeding finishing system with 8% DM offer per kg of BW was the most economically attractive scenario, for it allows expenses as far as R$ 22,950.68 per hectare. The average prices of the hectare in arable areas in the estate of Paraná are displayed in table 5.
Given the values above, the creep grazing systems with 12% DM offer (scenarios 2 and 3) would not be economically feasible in pastures of good nutritional quality (high support). The remaining scenarios would be economically feasible in the presented regions; however, in pastures of low support (inferior nutritional quality), the average daily gain may be compromised, resulting in the necessity of (2012) supplementation with concentrated feed or another forage, increasing the variable cost of the system.
Conclusions
Sheep production systems using creep feeding achieved better economic indexes, once the forage offer is adjusted, when compared with those using creep grazing. Adjustments in the main pasture offer that do not compromise animal performances also enable economic improvement. Soil expectation value can be used as an economic indicator in the choice of farm location or expansion. All systems were demonstrated feasible when the soil expectation value was taken into consideration.
